
IONIZATION CHAMBER-GEIGER TUBE 
INSTRUMENT FABRICATION PROGRAM 

P r e p a r e d  f o r  

J e t  P r o p u l s i o n  L a b o r a t o r y  
4800 Oak Grove D r i v e  
P a s a d e n a ,  C a l i f o r n i a  

A t t e n t i o n :  M r .  C .  J .  Alpaugh  

C o n t r a c t  No. 950658 

EOS R e p o r t  No. 5 0 3 0 - F i n a l  28 March 1964 

Approved b y  

L k A t , / s ,  
M .  B .  P r i n c e ,  Manager 
AEROSPACE ELECTRONICS DIVISION 

J. M .  J e t t  
S r  . C o n t r a c t  A d m i n i s t r a t o r  

ELECTRO-OPTICAL SYSTMS , I N .  PASADENA, CALIFORNIA 



The I o n i z a t i o n  Chamber-Geiger Tube I n s t r u m e n t  F a b r i c a t i o n  Pro-  

gram i s  d e e c r i b e d  i n  t h i n  f i n a l  summary r e p o r t .  T h i s  program war 

conduc ted  f o r  t h e  J e t  P r o p u l e i o n  L a b o r a t o r y  (JPL) by  E l e c t r o - O p t i c a l  

Systems,  I n c .  unde r  JPL C o n t r a c t  No. 950658. The 9.5-month program 

was i n i t i a t e d  on 17 J u n e  1963 and ended on 28 March 1964. 

Acknowledgment is g iven  t o  D r .  L. G. Despa in ,  c o g n i z a n t  JPL 

e n g i n e e r ,  f o r  h i s  t e c h n i c a l  and a d m i n i s t r a t i v e  a r r i r t a n c e  d u r i n g  

t h i s  program. 

5030-F ina l  



ABSTRACT 

Three  p r o t o t y p e  and t h r e e  f l i g h t  i o n i z a t i o n  ( i o n )  chamber- 
Ge ige r  t ube  i n s t r u m e n t s  were  f a b r i c a t e d  t o  JPL s p e c i f i c a t i o n s  d u r i n g  
t h i s  program. A l l  u n i t s ,  excep t  t h e  t empera tu re  c o n t r o l  model,  were 
s u b j e c t e d  t o  v i b r a t i o n  and thermal  vacuum tests a t  t h e  J e t  P r o p u l s i o n  
Labora to ry .  One p r o t o t y p e ,  Type Approval  Model MC-1,  was s u b j e c t e d  
t o  a more r i g o r o u s  t e s t i n g  program t h a t  i n c l u d e d  t h e  f o l l o w i n g  t e s t s :  
v i b r a t i o n ,  thermal  vacuum, e x p l o s i v e  a tmosphere ,  humid i ty ,  r f  i n t e r -  
f e r e n c e ,  shock ,  and s t a t i c  a c c e l e r a t i o n .  

The f l i g h t  i n s t r u m e n t s  w i l l  b e  c a r r i e d  on Mar ine r  C s p a c e c r a f t  
and w i l l  d e t e c t  and measure t h e  o m n i d i r e c t i o n a l  f l u x  of  c o r p u s c u l a r  
r a d i a t i o n  i n  i n t e r p l a n e t a r y  space and n e a r  Mars. The ene rgy  d e t e c -  
t i o n  t h r e s h o l d s  a re  0 .5  Mev f o r  e l e c t r o n s ,  10 Mev f o r  p r o t o n s ,  and 
40 Mev f o r  a l p h a  p a r t i c l e s .  The i n s t r u m e n t  assembly  c o n s i s t s  of 
i o n  chamber ,  Geiger -Muel le r  t ube ,  and e l e c t r o n i c s  s u b a s s e m b l i e s .  The 
assembly  weighs  less t h a n  2 . 6  pounds,  and i t s  dimension8 a re  13 .4  by 
9 .8  by 5 i n c h e s .  Power r equ i r emen t s  a r e  less t h a n  500 m i l l i w a t t s .  

Al though most of t h e  in s t rumen t  d e s i g n  was p r e v i o u s l y  completed 
under  o t h e r  programe,  s e v e r a l  changes  were made t o  t h e  i o n  chamber 
subassembly .  These changes  inc luded  r ep lacemen t  of p r e v i o u s l y  used 
heade r  p i n s  w i t h  Bendix Cerameterm p i n s ,  r e d e s i g n  o f  t h e  c o l l e c t o r  
mounting cup  and s p i d e r ,  and m o d i f i c a t i o n  of t h e  heade r  b a s e  t o  ac- 
commodate a removable  f i l l e r  t ube  f o r  e v a c u a t i n g  and f i l l i n g  t h e  
s p h e r e  w i t h  Argon. The method of mounting t h e  i o n  chamber t o  t h e  
e l e c t r o n i c s  c h a s s i s  was modif ied t o  i s o l a t e  t h e  header  p r e s s u r e  sea l  
from stresses due  t o  v i b r a t i o n .  

Only minor  d e s i g n  and f a b r i c a t i o n  problems a r o s e  d u r i n g  t h e  pro-  
gram and t h e s e  were r e s o l v e d  w i t h o u t  major  changea t o  t h e  d e l i v e r y  
s c h e d u l e  and program c o s t .  T h e s e  problems i n c l u d e d  heade r  p i n  l e a k -  
a g e ,  s p h e r e  weld j o i n t  l eakage ,  c i r c u i t  board  terminal c r a z i n g ,  and 
s p i d e r  s p r i n g  t e n s i o n  f a i l u r e .  

m e n t ' s  r e l i a b i l i t y  and r educ ing  its c o s t  were  deve loped  d u r i n g  t h e  
program. 

S e v e r a l  component d e s i g n  improvements f o r  i n c r e a s i n g  t h e  i n s t r u -  

These improvements a f f e c t  t h e  ion  chamber heade r  p i n e ,  s h i c l d -  
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I .  INTRODUCTION 

The program f o r  t h e  des ign  and f a b r i c a t i o n  of a n  i o n i z a t i o n  

chamber-Geiger t ube  in s t rumen t  (F ig .  1-1) is d e s c r i b e d  i n  t h i s  r e -  

p o r t .  The major  g o a l  of t h i s  program was t o  f a b r i c a t e  th ree  f l i g h t  

i n s t rumen t s ,  t o  J P L  s p e c i f i c a t i o n s , ,  t h a t  would o p e r a t e  c o n t i n u o u s l y  

f o r  a t  least  400 days  i n  a space envi ronment .  

The i n s t r u m e n t  w i l l  b e  flown by t h e  J e t  P r o p u l s i o n  Labora to ry  

(JPL) on Mar ine r  C S p a c e c r a f t  t o  Mars. The i o n i z a t i o n  chamber- 

Geiger  t ube  i n s t r u m e n t  w i l l  d e t e c t  and measure t h e  a v e r a g e  omnidi- 

r e c t i o n a l  f l u x  of c o r p u s c u l a r  r a d i a t i o n  i n  i n t e r p l a n e t a r y  space  

between t h e  o r b i t s  of E a r t h  and Mars and i n  the  v i c i n i t y  o f  Mars. 

T h i s  i n s t r u m e n t  w i l l  a l s o  measure t h e  a v e r a g e  s p e c i f i c  i o n i z a t i o n  

produced by t h e s e  cha rged  p a r t i c l e s .  

B r i e f  d e s c r i p t i o n s  of program background,  o r g a n i z a t i o n ,  accom- 

p l i s h m e n t s  , and recommendations f o r  improving i n s t r u m e n t  r e l i a b i l i t y  

a r e  p r e s e n t e d  i n  t h i s  s e c t i o n .  

1.1 I n s t r u m e n t  D e s c r i p t i o n  

The i n s t r u m e n t  c o n s i s t s  of a n  i o n i z a t i o n  ( i o n )  chamber,  

Geiger -Muel le r  (G-M) t u b e ,  data c o n d i t i o n i n g  c i r c u i t s ,  and pcwer 

supp ly .  
13.4 by 9.8 by 5 i n c h e s .  

d a t a  c o n d i t i o n i n g  and p w e r  supp ly  c i r c u i t s .  

t h e  i o n  chamber,  Geiger -Mucl le r  t u b e ,  and e l e c t r o n i c s  i o  a b o u t  0.5 

wat t .  

The o v e r a l l  dimensions of t h i s  2.6-pound assembly are  

Four p r i n t e d  c i r c u i t  boa rds  c o n t a i n  t h e  

O p e r a t i n g  p w e r  f o r  

The major  f u n c t i o n a l  c h a r a c t e r i r t i c r  of t h b  fnatrrrant 

i n c l u d e  o m n i d i r e c t i o n a l  o e n s i t i v i t y  t o  g a m a  r a y s  , p r o t o n r ,  a l p h a  

pa r t i c l e s ,  and e l e c t r o n s ;  a c o u n t  r a t e  a c c u r a c y  of 2 0 .5  p e r c e n t  f o r  

a g i v e n  f l u x ;  and c a p a b i l i t y  of d e t e c t i n g  f l u x  changer  of 2 p e r c e n t  or 

5030-F ina l  1 
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g r e a t e r .  Depending on t h e  f l u x ,  t h e  o u t p u t  coun t  r a t e  is 0 t o  LOO 

p u l r s r  p e r  recond f o r  t h e  ion chamber and 0 t o  50,000 p u l s e 8  p e r  

r econd  f o r  t h e  G-M t u b e .  

1 2  mag nun4 1 

Ion  chambers and Geiger -Muel le r  (G-M) tube6 a r e  r a d i a t i o n  

measur ing  i n s t r u m e n t s  commonly used by JPI, f o r  s p a c e c r a f t  m i s s i o n s .  

Consequen t ly  , t h e  basic d e s i g n  of  t h e s e  i n s t r u m e n t s  was comple te  

when E l e c t r o - O p t i c a l  Sys tems,  I n c .  (WS) was awarded a c o n t r a c t  f o r  

b u i l d i n g  t h r e e  prototype1 and t h r e e  f l i g h t  i n s t r u m e n t s .  

The i o n  chamber was p r e v i o u e l y  d e s i g n e d  and  developed  by 

EOS f o r  JPL under  c o n t r a c t  No. 950272. F i v e  f l i g h t  i o n  chambers were 

d e l i v e r e d  t o  JPL on 26 October  1962. The G-M t u b e  was des igned  and 

f a b r i c a t e d  by R a d i a t i o n  Coun te r s  L a b o r a t o r i e s ,  I n c .  

1.3 Scope of Program 

Al though mort of t h e  i o n  chamber d e s i g n  war comple t e ,  a few 

minor  changes  were made t o  t h i s  subassembly  d u r i n g ,  th,e ,program. D e -  

s i g n  changes  i n c l u d e d  r ep lacemen t  of  t h e  h e a d e r  p i n r  w i t h  Bendix 

Cerarneterm p i n s ,  r e d e s i g n  o f  t h e  c o l l e c t o r  mounting cup and s p i d e r  

components ,  and r e d e s i g n  o f  t h e  heade r  t o  a c c o m o d a t e  a removable 

f i l l e r  t ube .  I n  a d d i t i o n ,  a new method f o r  mounting t h e  i o n  chamber 

t o  t h e  e l e c t r o n i c  c h a s s i s  was developed  t o  r educe  t h e  p o s s i b i l i t y  

of a r g o n  g a s  l e a k a g e  from t h e  heade r  sea l .  

Al though 90 p e r c e n t  o f  t h e  f a b r i c a t i o n  work on t h i s  p ro -  

gram w a s  performed by WS, t h e  C a l i f o r n i a  I n s t i t u t e  of  Technology 

(CIT) c o a t e d  t h e  i o n  chamber c o l l e c t o r  and f i b e r  b e f o r e  f i n a l  assembly  

and t e s t i n g  of t h e  i n s t r u m e n t .  Q u a l i f i c a t i o n  t e s t i n g  o f  f l i g h t  models 

was performed by  JPL.  

1.4 Program O r g a n i z a t i o n  

The o r g a n i z a t i o n  of t h i s  f a b r i c a t i o n  program is shown i n  

F ig .  1-2.  

p a r t m e n t ,  and i t s  performance w a s  mon i to red  by D r .  M .  B .  P r i n c e ,  

The program was conducted by  t h e  Advanced Technology D e -  

5030 - F ina 1 ' 3  
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Manager of t h e  Aerospace E l e c t r o n i c s  D i v i s i o n .  Dr. L .  G .  Despa in ,  

JPL Cognizant  E n g i n e e r ,  monitored t h e  program and worked c l o s e l y  

w i t h  Mr. F o s t e r ,  P r o j e c t  S u p e r v i s o r ,  and  Mr. Compton, P r o j e c t  Coor- 

d ina t o r .  

The f a b r i c a t i o n  program c o n s i s t e d  of d e s i g n  c h a n g e s ,  p a r t s  

procurement  and i n s p e c t i o n ,  p r e p a r a t i o n  o f  e n g i n e e r i n g  drawings ,  

mechanica l  f a b r i c a t i o n ,  p r e p a r a t i o n  of q u a l i t y  c o n t r o l  p r o c e d u r e s ,  

and c i r c u i t  b o a r d  and  i n s t r u m e n t  assembly .  

used t o  s c h e d u l e  f a b r i c a t i o n  of a l l  hardware.  

A JPL PERT C h a r t  was 

1 .5  b j o r  ACcotnpli6hment6 

The major  accomplishment o f  t h i s  program w a s  t h e  d e l i v e r y  

of  t h r e e  p r o t o t y p e  a n d  t h r e e  f l i g h t  i n s t r u m e n t s  t o  JPL.  The p r o t o -  

t ype  u n i t s  c o n s i s t e d  of  type-approval ,  proof  t e s t ,  and  t e m p e r a t u r e  

c o n t r o l  models .  These i n s t r u m e n t s  met a l l  r e q u i r e m e n t s  s p e c i f i e d  by 

J P L .  A s e t  of  s p a r e  parts (except  e l e c t r o n i c  components) f o r  one 

f l i g h t  model was a l s o  s u p p l i e d .  O t h e r  items d e l i v e r e d  t o  JPL d u r i n g  

t h i s  program i n c l u d e d  a q u a l i t y  c o n t r o l  p l a n ,  d e t a i l e d  e n g i n e e r i n g  

drawings ,  a materials l i s t ,  and monthly t e c h n i c a l  and f i n a n c i a l  r e p o r t s .  

Although s e v e r a l  t e c h n i c a l  problems a r o s e  d u r i n g  t h e  program, 

t h e y  were s o l v e d  w i t h o u t  l ong  d e l a y s  and l a r g e  e x p e n d i t u r e s .  Smooth 

c o o r d i n a t i o n  w i t h  JPL r e p r e s e n t a t i v e s  w a s  a c h i e v e d  w i t h o u t  any  major 

d i f f i c u l t i e s ,  and most problems r e q u i r i n g  j o i n t  JPL-EOS agreements  

were r e s o l v e d  r a p i d l y  and  amicably .  

1 . 6  Recomienda t i o n s  

S e v e r a l  d e s i g n  improvements f o r  t h e  i o n  chamber subassembly 

were developed  d u r i n g  t h i s  program. I n c o r p o r a t i o n  o f  t h e s e  improve- 

ments i n  f u t u r e  i n s t r u m e n t s  w i l l  improve t h e i r  r e l i a b i l i t y  and reduce  

t h e i r  f a b r i c a t i o n  c o s t s .  These recommendations a re  d i s c u s s e d  i n  

S e c t i o n  5 and i n c l u d e  t h e  f o l l o w i n g  i o n i z a t i o n  chamber components:  

h e a d e r ,  s h i e l d i n g  c a n ,  s p i d e r ,  and c o l l e c t o r .  

5030 - F i n a  1 5 
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1 .7  Scope of Repor t  

The t h e o r y  of i n s t r u m e n t  o p e r a t i o n ,  and  i t s  p h y s i c a l  and 

f u n c t i o n a l  c h a r a c t e r i s i t i c s ,  a re  d i s c u s s e d  i n  S e c t i o n s  2 and 3. Pro-  

gram r e q u i r e m e n t s  and  procedures  a r e  summarized i n  S e c t i o n  4.  T h i s  

s e c t i o n  p r e s e n t s  d e s c r i p t i o n s  of JPL r e q u i r e m e n t s ,  f a b r i c a t i o n  p l a n s  

and t e c h n i q u e s ,  q u a l i t y  a s s u r a n c e  p r o c e d u r e s ,  documenta t ion ,  and 

problems encountered  d u r i n g  t h e  program. C o n c l u s i o n s  and recomnen- 

d a t i o n 8  a r e  g i v e n  i n  S e c t i o n  5. 

5030-Final 6 



2. SYSTEM DESCRIPTION 

The purpore  o f  t h e  ion-chamber-Geiger t ube  i n s t r u m e n t  is t o  

measure r a d i a t i o n s  i n  space d u r i n g  t h e  Mar ine r  C o p a c e c r a f t  voyage 

t o  Mars. The i n s t r u m e n t  c o n s i s t s  of a n  i o n  chamber,  Geiger -Muel le r  

t u b e ,  d a t a  c o n d i t i o n i n g  c i r c u i t s ,  and  power supp ly .  S p e c i f i c  r a d i -  

a t i o n s  measured i n c l u d e  g a m a  r a y s ,  p r o t o n s ,  and b e t a  par t ic les  

( e l e c t r o n s ) .  

The i o n  chamber is t h e  pr imary r a d i a t i o n  measuring u n i t ,  and 

t h e  Geiger -Mual le r  (C-M) t ube  p r o v i d e s  supplementary  data f o r  i n t e r -  

p r e t i n g  t h e  r a d i a t i o n  opectrum. A b l o c k  diagram of  t h i s  i n s t r u m e n t  

and i t a  a s s o c i a t e d  d a t a  c o n d i t i o n i n g  c i r c u i t s  is shcwn i n  F ig .  2-1. 

A t r a n s d u c e r  p rov idea  t empera tu re  d a t a  f o r  mon i to r ing  t h e  the rma l  

environment  of  t h e  ino t rumen t  e l e c t r o n i c s  d u r i n g  t h e  f l i g h t .  A 

pawer s u p p l y ,  which i n c l u d e s  a n  i n v e r t e r  , prov ides  f i v c  v o l t a g e  

l e v e l s  t o  t h e  G-M t u b e ,  ion chamber,  and e l e c t r o n i c s .  The t h e o r y  

of  o p e r a t i o n  f o r  t h e  i o n  chamber and G-M tube  a re  p r e s e n t e d  below. 

2 . 1  I o n i z a t i o n  Chamber 

The i o n i z a t i o n  chamber (Fig.  2-2) c o n s i s t s  of  a s t a i n l e s s  

s t e e l  s p h e r e  f i l l e d  w i t h  a rgon  g a s .  A q u a r t z  e l e c t r o m e t e r  is housed 

w i t h i n  t h e  s p h e r e  and  c o n o i s t s  o f  a q u a r t z  c o l l e c t o r  r o d  and a t h i n  

q u a r t z  f i b e r  t h a t  is s e p a r a t e d  from i t  by 0.02 inch .  (The c o l l e c t o r  

is c o a t e d  w i t h  Aquadag and the  f i b e r  is c o a t e d  w i t h  a t h i n  f i l m  of 

m e t a l . )  

The pa rag raphs  g i v e n  belcw d e s c r i b e  t h e  e l e c t r o s t a t i c  s ta tes  of t h e  

electrometer under  two c o n d i t i o n s :  (1)  absence  of r a d i a t i o n ;  and (2) 

p r e s e n c e  of r a d i a t i o n .  

About 310 vdc are a p p l h d ' b e t w e e n  t h e  f i b e r  and t h e  ophere .  

Although t h e  c o l l e c t o r  is e l e c t r i c a l l y  i s o l a t e d  from t h e  

f i b e r  and s p h e r e ,  i t  normal ly  h a s  a p o s i t i v e  cha rge .  I n  t h e  a b r c n c e  

of i o n i z i n g  r a d i a t i o n s ,  t h i s  cha rge  is produced by a 310 vdc  
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... 

p o t e n t i a l  on the  f i b e r ,  which  inducer  a n  image c h a r g e  on t h e  Aquadag 

s u r f a c e  of t h e  c o l l e c t o r  belaw i t .  As a r e s u l t  of t h i s  image c h a r g e ,  

t h e  f i b e r  is a t t r a c t e d  t o  t h e  c o l l e c t o r  and momentar i ly  c o n t a c t r  i t .  

During c o n t a c t ,  e l e c t r o n s  pass from t h e  c o l l e c t o r  t o  t h e  f i b e r .  When 

t h e  c o l l e c t o r  p o t e n t i a l  equal8  310 vdc ,  t h e  f i b e r  r e t u r n s  t o  i t s  nor-  

m a l  p o s i t i o n .  

When i o n i z i n g  p a r t i c l e s  p e n e t r a t e  t he  s p h e r e ,  and t h e  gas  

w i t h i n  t h e  chamber i s  i o n i z e d ,  t h e  ions  a r e  a t t r a c t e d  towards t h e  

n e g a t i v e  p o t e n t i a l  s p h e r e ,  and t h e  e l e c t r o n s  a r e  a t t r a c t e d  t o  t h e  

c o l l e c t o r  and t end  t o  n e u t r a l i z e  i t a  p o s i t i v e  c h a r g e .  When t h e  col-  

l e c t o r  c h a r g e  is s u f f i c i e n t l y  n e u t r a l i z e d ,  t h e  image c h a r g e ,  as p r e -  

v i o u s l y  d e s c r i b e d ,  a t t a i n s  s u f f i c i e n t  magni tude and t h e  f i b e r  is 

p u l l e d  t o  t h e  c o l l e c t o r  and c o n t a c t s  i t .  A s u r g e  of e l e c t r o n s  pasres 

from t h e  c o l l e c t o r  t o  t h e  f i b e r ,  and a p u l s e  of  c u r r e n t  f l aws  through 

\. 
ground s t a t i o n .  The c u r r e n t  produced by t h e  electrometer (no t  c u r -  

r e n t  from s h a p e r )  is p r o p o r t i o n a l  t o  t h e  t o t a l  ene rgy  108s by i o n i -  

z a t i o n  of a l l  r a d i a t i o n s  t h a t  p e n e t r a t e  t h e  chamber W a l l  and  i o n i z a -  

t i o n  due  t o  secondary  r a d i a t i o n  produced w i t h i n  t h e  wal l r  and gas  of  

t h e  chamber. 

c o l l e c t e d  from t h e  gas. Thus,  t h e  i n t e r v a l  between e u c c e s s i v e  p u l s e s  

i s  a measure of t h e  r a d i a t i o n  flux. 

T h i s  c u r r e n t  p u l s e  is a m p l i f i e d ,  shaped ,  and t e l e m e t e r e d  t o  a 

Each o u t p u t  p u l s e  r e p r e r e n t s  8 f i x e d  amount of  c h a r g e  

2 . 2  Geige r -Hue l l e r  Tube 

The G e i g e r - H u e l l e r  t ube  c o n r i o t s  of a s h i e l d e d  g l a s s  tube  

f i l l e d  w i t h  neon g a s .  An i n s u l a t e d  anode e l e c t r o d e  paoses  through 

t h e  tube  and a b o u t  900 v o l t s  a r e  a p p l i e d  between i t  and t h e  ca thode  

e l e c t r o d e  which su r rounds  t h e  i n n e r  s i d e  of t h e  tube  (see F i g .  2-3). 

I o n i z i n g  p a r t i c l e e  p e n e t r a t e  t h e  s t a i n l e s s  s t e e l  s h i e l d  

and g l a s s  t ube  and i o n i z e  the  gas molecu le s .  

between t h e  anode and ca thode  a c c e l e r a t e s  t h e  d i s s o c i a t e d  i o n s  and 

The h i g h  e l e c t r i c  f i e l d  

e l e c t r o n s .  These cha rged  p a r t i c l e r . g a i n  k i n e t i c  energy  due t o  t h e i r  

a c c e l e r a t i o n  and i o n i z e  o t h e r  g a s  molecu le s  b e f o r e  t h e y  combine w i t h  

5030 - F i  na 1 LO ' 
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o t h e r  cha rged  p a r t i c l e s  t o  form n e u t r a l  mo lecu le s  o r  a r e  c a p t u r e d  by 

t h e  anode.  The newly c r e a t e d  ions  and e l e c t r o n s  c r e a t e  a d d i t i o n a l  

cha rged  p a r t i c l e s ,  and t h e  e n t i r e  gas  r a p i d l y  becomes i o n i z e d  w i t h i n  

a microsecond.  These charged  p a r t i c l e s  c a u s e  a c u r r e n t  t o  f low b e -  

tween anode and c a t h o d e ,  and a n e g a t i v e  p u l s e  i s  deve loped  a c r o s s  . 
The p u l s e  i s  t hen  a m p l i f i e d ,  shaped ,  and t e l e m e t e r e d  t o  a ground s t a -  

t i o n .  One o u t p u t  p u l s e  ( cone tan t  a m p l i t u d e )  i r  g e n e r a t e d  f o r  each  

cha rged  pa r t i c l e  t h a t  p e n e t r a t e s  t h e  s h i e l d  and e n t e r s  t h e  s e n r i t i v e  

volume of t h e  G-M t ube .  Thus,  t h e  p u l s e  r a t e  is p r o p o r t i o n a l  to  t h e  

r a d i a t i o n  f l u x .  Removal of the  r a d i a t i o n  c a u e e s  t h e  cha rged  par t ic les  

w i t h i n  t h e  g l a s s  t ube  t o  re-combine and  form n e u t r a l  g a s  m o l e c u l e s ,  

and  t h e  o u t p u t  s i g n a l  is  reduced t o  z e r o .  

Rt 

2.3 R a d i a t i o n s  Meaoured 

G a m a  r a y s ,  e l e c t r o n s ,  p r o t o n s ,  and a l p h a  p a r t i c l e s  a re  

measured by t h e  i o n  chamber-Geiger t u b e  i n s t r u m e n t .  Few gamma r a y s  

a r e  d e t e c t e d  by t h e  in s t rumen t .  

r a y s  o r  X-ray6 a r e  e f f i c i e n t l y  d e t e c t e d .  

a r e  0 .5  Hev f o r  e l e c t r o n s ,  10 Mev f o r  p r o t o n s ,  and 40 Mev f o r  a l p h a  

par t ic les .  The i o n  chamber and Geiger -Muel le r  t ube  d e t e c t  t h e  same 

energy  p a r t i c l e s  and b o t h  d e t e c t o r s  have o m n i d i r e c t i o n a l  s e n s i t i v i t y .  

The i o n i z a t i o n  chamber measures  t h e  a v e r a g e  ra te  of i o n i z a t i o n  ,and 

t h e  Ge ige r  t ube  measures  t h e  a v e r a g e  o r n n i d i r e c t l o n a l  f l u x .  

Only v e r y  s o f t  (LQV energy) gamma 

P a r t i c l e  energy  t h r e s h o l d s  

12 

L 



3 .  EQUIPMENT DESCRIPTION 

The i o n i z a t i o n  chamber-Geiger t ube  i n s t r u m e n t  is  a l i g h t w e i g h t ,  

compact r a d i a t i o n  measur ing  dev ice  f o r  s p a c e c r a f t  a p p l i c a t i o n s .  A n  

o u t l i n e  drawing  of t h e  in s t rumen t  is  Shawn i n  F i g .  3-1.  The i n r t r u -  

ment weighs less than  2.6 pounds, and i t s  o v e r a l l  dimensions a r e  

13.4 by 9 .8  by 5 i n c h e s .  I t  consumes less t han  500 m i l l i w a t t s  of 

o p e r a t i n g  p w e r .  

The i n s t r u m e n t  c o n s i s t s  of  t h r e e  subassembl i e s :  i o n i z a t i o n  ( i o n )  

chamber,  e l e c t r o n i c s ,  and Geiger -Muel le r  tube .  The i o n  chamber and  

G-M t ube  a r e  b o l t e d  t o  t h e  e l e c t r o n i c s  and power supp ly  subaseembly 

a t  r i g h t  a n g l e r  t o  each  o t h e r  (see F ig .  1 - 1 ) .  The g o l d - p l a t e d  e l e c -  

t r o n i c  subassembly c h a s s i s  c o n t a i n s  a 2 - inch  r a d i u s  c u t o u t  f o r  mount- 

i n g  t h e  i n s t r u m e n t  t o  a 4-inch d i a m e t e r  c y l i n d r i c a l  s t r u c t u r e  on t h e  

s p a c e c r a f t .  The i n s t r u m e n t  is p l a c e d  between two r i n g s  on the s t r u c -  

t u r e ,  and s i x  screws (see c u t o u t  i n  F ig .  3-1)  a re  used t o  a t t ach  t h e  

i no t rumcn t  t o  t h e r e  r f n g r .  

Tbo connec to r8  on t h e  e l e c t r o n i c 8  rubasrembly  p r o v i d e  c o n n e c t l o n r  

f o r  (1) i n p u t  power t o  t h e  Fnrtrument  and (2) o u t p u t  s i a ~ l r  t o  t h e  

S p a c e c r a f t  t e l e m e t r y  subeyrtem. 

DercriptioM of  t h e  ion  chamber ,  G-M t u b e ,  and c l e c t r o n F c 8  eub-  

a s s e m b l i e s  a r e  d i s c u s s e d  i n  S e c t i o n s  3 . 1 ,  3 , 2 ,  and 3 . 3 ,  I n  a d d i t i o n ,  

t h e  i n s t r u m e n t  s chemat i c  a n d  per formance  c h a r a c t e r i s t i c s  a r e  g i v e n  i n  

S e c t i o n s  3 . 4  and 3.5.  

3.1 I o n i z a t i o n  Chamber Subareembly 

The i o n  chamber c o n r i r t e  of  a g a s - f i l l e d  5 - i n c h  d i a m e t e r  

s p h e r e ,  a n  e l e c t r o m e t e r ,  a neck, and a s u p p o r t  mechanism f o r  a e c u r -  

i n g  t h e  chamber t o  t h e  e l e c t r o n i c s  subassembly.  The s u r f a c e  of t h e  

s p h e r e  and neck a r e  b l a c k  oxide ,and  t h e  s u p p o r t  s u r f a c e  i s  p o l i s h e d  

5030 -F ina  1 13 
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aluminum. 

i n c h e s ,  t h e  neck i s  1.5 inches  i n  d i a m e t e r ,  a n d  t h e  r u p p o r t  b8rt  Fr 

2.9 inchcr i n  d i a m e t e r .  

The ove ra l l  l e n g t h  of  t h e  chamber rub8rrembly  is 7 .3  
I ,  1 .  L ... 

I t  consumes less t h a n  10 m i l l i w a t t 8  of power. 

The e l e c t r o m e t e r  c o n s i s t s  o f  a q u a r t z  i o n  c o l l e c t o r  r o d ,  

a q u a r t z  f i b e r ,  a s h i e l d i n g  can,  a s p i d e r ,  a s p i d e r  s p r i n g ,  a cup ,  

and a h e a d e r .  A c r o s s - s e c t i o n  o f  t h e  i o n  chamber is  shown i n  F ig .  

3-2. The t a p e r e d  q u a r t z  c o l l e c t o r  e x t e n d s  through t h e  c e n t e r  o f  t h e  

s p h e r e .  The s i d e  arm,  a n  i n t e g r a l  p a r t  o f  t h e  c o l l e c t o r  r o d ,  r u p p o r t r  

t h e  f i b e r  t h a t  p a s s e s  o v e r  t h e  c o l l e c t o r .  The f i b e r  i s  s e p a r a t e d  

from t h e  c o l l e c t o r  by 0.02 inch. The q u a r t z  f i b e r  is  welded  t o  t h e  

s i d e  arm and c o a t e d  w i t h  m e t a l .  

t h e  s i d e  arm and c o l l e c t o r ;  and t h e  uncoated  p o r t i o n  of t h e  q u a r t z  

c o l l e c t o r  i s  p l a c e d  i n  a s i l v e r  mounting cup t h a t  i s  h e l d  w i t h  a 

s p r i n g  t o  a s p i d e r  p l a t e  on t h e  h e a d e r .  The s p i d e r  is b r a z e d  t o  

t h e  h e a d e r .  The c u p  i s  t h e n  f i l l e d  w i t h  m o l t e n  s i l v e r  c h l o r i d e ,  

which s e c u r e s  t h e  c o l l e c t o r  rod t o  t h e  mounting cup  when i t  s o l i d i -  

f i e s .  To p r e v e n t  v a r i a t i o n s  i n  s u p p l y  v o l t a g e  from a f f e c t i n g  t h e  

f i b e r ,  i t  is  e n c l o s e d  by  a s h i e l d i n g  c a n  which r e d u c e s  e l e c t r o s t a t i c  

f o r c e s  between t h e  f i b e r  and  s p h e r e .  T h i s  c a n  is a t t a c h e d  t o  t h e  

h e a d e r  by s p o t  w e l d i n g  i t  t o  t h e  s p i d e r  s k i r t .  One end o f  a p l a t i -  

num jumper w i r e  i s  cemented t o  t h e  s i d e  arm w i t h  s i l v e r  c h l o r i d e  and 

t h e  o t h e r  end i s  welded t o  a h e a d e r  p i n .  The h e a d e r  seals  t h e  e lec-  

trometer and a r g o n - f i l l e d  chamber i n t e r i o r  from t h e  a tmosphere ,  and 

i t  p r o v i d e s  e l e c t r i c a l  c o n t a c t  from t h e  f i b e r  t o  t h e  p r e a m p l i f i e r  

and h i g h - v o l t a g e  power supply  (310 v d c ) .  A f i l l e r  t u b e  is  used  t o  

e v a c u a t e  t h e  chamber d u r i n g  assembly and t o  f i l l  i t  w i t h  a r g o n .  I t  

i s  t h r e a d e d  t o  f a c i l i t a t e  removal f o r  r e p e a t i n g  t h e  assembly  p r o c e d u r e  

s h o u l d  t h e  s p h e r e  d e v e l o p  a l e a k .  A f i l t e r  c i r c u i t ,  c o n s i s t i n g  of 

An Aquadag c o a t i n g  i s  a l s o  p l a c e d  on 

two r e s i s t o r s  and a c a p a c i t o r ,  is  w i r e d  t o  t h e  h e a d e r  p i n s  (see F i g .  

3-7). 

The p h y s i c a l  c h a r a c t e r i s t i c s  of  t h e  chamber a r e  summarized i n  

T a b l e  3-1. 
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TABLE 3 - 1  

PHYSICAL CHARACTERISTICS OF I O N  CHAMBER 

C h a r a c t e r i s  t i c  D e s c r i p t i o n  

Parer Required 3 Mic rowa t t s  

Vol tage  Source  

Gas F i l l  

O p e r a t i n g  Temperature  

Volume (Sphere)  

Sphe re  Diameter 

Sphere  Materiala 

Sphere  Th icknes r  

Sphere  S h i e l d i n g  

Sphere  P r e s s u r e  

Weight 

310 vdc a t  10-8 amperes ,  
+ - 3 p e r c e n t  r e g u l a t i o n  

Argon 

-55 t o  7OoC 

66 Cubic Inches  

5 Inchee  

S t a i n l e s s  S t e e l  

0.010 Inch  
2 0.2  grams/cm 

60 + - 5 p e i a  ( 4  a tmospheres )  

< 1 lb 

i 

a See T a b l e  4-11 f o r  materials used t o  f a b r i c a t e  o t h e r  components.  
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3.2 Geiger -Muel le r  Tube Subassembly 

The Geiger -Muel le r  t ube  subassembly c o n s i s t s  o f  a Model 

10311 G-M t u b e  and a s t a i n l e s s  s t e e l  c y l i n d r i c a l  s h i e l d .  The G-M 

t ube  i s  manufac tured  by R a d i a t i o n  Counter  L a b o r a t o r i e s .  

The Geiger  t u b e  (Fig.  3-3) i s  a t h i n - w a l l e d  g e n e r a l  p u r -  

pose i n s t r u m e n t  f i l l e d  w i t h  neon and ha logen  g a s e s .  A s m a l l  amount 

of  ha logen  g a s  i s  used t o  q u i c k l y  r e s t o r e  (quench) t h e  i o n i z e d  neon 

atoms t o  t h e i r  n e u t r a l  s t a t e  a f t e r  t h e  r a d i a t i o n  is  removed. The 

g l a s s  t u b e  i s  4.75 i n c h e s  long and 0 . 6 2 - i n c h  i n  d i a m e t e r .  A .003-  

inch d i a m e t e r  t u n g s t e n  anode e x t e n d s  a c r o I 6  t h e  t u b e  and is sup-  

p o r t e d  on one end by a g l a s s  i n s u l a t o r .  The c a t h o d e ,  t i n  oxide coat-  

i n g  a round t h e  i n n e r  s u r f a c e  of t h e  g l a s s  t u b s ,  c o n t a c t r  a metal 

r i n g  which c o n n e c t s  t o  a s h o r t  e l e c t r o d e .  

The t u b e  i s  s h i e l d e d  by  a 0 . 8 3 - i n c h  d i a m e t e r  s t a i n l e s s  

s t e e l  c y l i n d e r  t h a t  is 5 i n c h e s  long .  Two RTV i n s u l a t o r s  s u p p o r t  

t h e  G-M t u b e  a t  i t s  e n d s .  The 0 . 0 0 8 - i n c h - t h i c k  c y l i n d e r  i s  b l a c k  

o x i d i z e d  and h a s  f o u r  0 .125-inch d i a m e t e r  h o l e s  a t  i t s  b a s e  f o r  

mounting t o  t h e  e l e c t r o n i c s  subassembly.  An indium washer  is used  

between t h e  i n s t r u m e n t  and e l e c t r o n i c  s u b a s s e m b l i e s  t o  improve t h e r -  

m a l  c o n d u c t i o n .  A t h r e a d e d  m e t a l l i c  s l e e v e  c o v e r s  t h e  G-M t u b e  

s h i e l d  and p r o t e c t s  i t  d u r i n g  t r a n s p o r t a t i o n  and  s t o r a g e .  The p h y s i -  

c a l  c h a r a c t e r i s t i c s  of  t h e  Geiger-Mueller  t ube  a r e  shown in T a b l e  

3-11. 
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TABLE 3-11 

PHYSICAL CHARACTERISTICS OF GEIGER-MUELLER TUBE 

C h a r a c t e r i r t i c s  D e s c r i p t i o n  

O p e r a t i n g  900 
S t a r t i n g  800 
P l a t e a u  s t a r t i n g  850 
P l a t e a u  length , H i n .  150 

Maximum sa fe  v o l t a g e  n o t  c r  i t ica  1 

Vol t a g e e  : 

P l a t e a u  s l o p e ,  max p e r c e n t  p e r  100 V 2 

Gas F i l l :  
Type 
Quench 

Ne on 
Ha logen  

O p e r a t i n g  t e m p e r a t u r e  r a n g e  -55 t o  75OC 

H y s t e r e s i s  and  p h o t o s e n s i t i v i t y  None 

A c t i v e  anode l e n g t h  3 i n c h e s  

Wa 11 t h i c k n e s  6, Mg/cm 30 2 

Tube O . D .  9/16 inch  

Overal l  d i a m e t e r  518 i n c h  

Overall  l e n g t h ,  less p i n s  4.75 i n c h e s  

Base Connectors  3 p i n s  

Weight  (wi thout  8 h i e  I d )  0 .5  o z  

Materials : 
Cathode  
Anode 
Wall 

T i n  o x i d e  
3 mil t u n g s t e n  
Glass 

5030-Fina 1 20 



3.3 E l e c t r o n i c s  Subarsernbly 

The e l e c t r o n i c 8  subassembly c o n s i r t r  o f  d a t a  c o n d i t i o n i n g  

and power s u p p l y  c i r c u i t s  t h a t  a re  f a b r i c a t e d  on f o u r  p r i n t e d - c i r c u i t  

b o a r d s .  

All c i r c u i t  components ( t r a n s i s t o r r ,  c a p a c i t o r r ,  d i o d e s ,  

e t c . )  a re  mounted on one s i d e  o f  laminated-epoxy p r i n t e d  c i r c u i t  

boa rds  and a re  s o l d e r e d  t o  spade  l u g s .  Some components ,  such  as 

t r a n r i s t o r s  , t r a n r f o r r n e r r  , and l a r g e  r e r i o t o r r  , a re  bondod t o  t h e  

c i r c u i t  board  w i t h  epoxy. A conformal  c o a t i n g  of  epoxy cove r8  t h e  

components and c i r c u i t  boa rd  and p r o v i d e s  p r o t e c t i o n  a g a i n s t  nois -  

t u r e  c o r r o s i o n  and  e lec t r ica l  l eakage .  For i d e n t i f i c a t i o n ,  c i r c u i t  

board  and drawing numbers a r e  e t c h e d  o n t o  t h e  r u r f a c e  of each  board .  

An i n s u l a t i n g  board  i s  bonded t o  t h e  back o f  each  c i r c u i t  board  and 

t h e  boa rds  ere h e l d  t o  t h e  subarsembly c h a o s i o  by rcrews and a n  

epoxy bonding mater ia l .  

The d imens ions  o f  each c i r c u i t  boa rd  and t h e  c i r c u i t s  

mounted t o  i t  a re  g i v e n  i n  Tab le  3-111. C i r c u i t  Board 1 is mounted 

t o  t h e  r i g h t  s i d e  o f  t h e  c h a r s i s  as shown i n  Fig. 1-1. C i r c u i t  

b o a r d s  2 ,  3 ,  and 4 are ah-n i n  F i g u r e s  3-4, 3-5, and  3-6.  

TABLE 3-111 

PHYSICAL CHARACTERISTICS OF 
CIRCUIT BOARD ASSEMBLIES 

C i r c u i t  Board D imens ion8  (i nches)  C i r c u i t s  Con ta ined  on Each Board 

TB1-J4801304B 3.2 by 2 .1  by 1 G-H t u b e  a m p l i f i e r  and p u l s e  
s h a p e r  

TB2-J4801306B 3.5 by 3 by 1 Ion  chamber a m p l i f i e r  and p u l s e  
s h a p e r  

TB3 -5480 1308A 3.7 by 3.5 by 0.55 High and low v o l t a g e  power s u p p l y ,  
e x c e p t  T1 

TB4-J4801310A 6 by 3.7 by 0.75 Full-WaVe b r i d g e  r e c t i f i e r 8  (T2 
and bot tom wind ing  of  T l ) ,  con-  
v e r t e r  end r e g u l a t o r  

21 
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3.4 In8  t rumen t  Schematic  

The i o n  chamber-Geiger t u b e  i n s t r u m e n t  s chemat i c  i r  rhown 

i n  F ig .  3-7. The v a r i o u r  i n p u t  and o u t p u t  o i g n a l o  a r e  i d e n t i f i e d  

f o r  c o n n e c t o r s  Jl and0J2 .  P ins  on c o n n e c t o r  J1 a re  i d e n t i f i e d  by 

l e t te rs ,  and p i n s  on connec to r  J2 a r e  i d e n t i f i e d  by numberr.  A 

t r a n r d u c e r ,  HTl,  f o r  mon i to r ing  t h e  t e m p e r a t u r e  of t h e  i n s t r u m e n t  

d u r i n g  f l i g h t  i r  connec ted  between Jl-13 and 31-14 ,  The t r a n s d u c e r  

i r  l o c a t e d  t o  t h e  l e f t - h a n d  s i d e  o f  C i r c u i t  Board 1, as shown i n  

* 

F i g .  1-1. 

The i o n  chamber o u t p u t  s i g n a l  i r  a m p l i f i e d  and p u l s e  

shaped  by t h e  boxed c i r c u i t  i n  t h e  upper  l e f t - h a n d  c o r n e r  of  F i g .  

3-7. The G-H t ube  o u t p u t  s i g n a l  i s  a m p l i f i e d  a n d  pu l sed  shaped  by 

t h e  boxed c i r c u i t  i n  t h e  upper r i g h t - h a n d  c o r n e r  of  t h e  r c h e m a t i c .  

The paue r  r u p p l y  c o n e i s t o  o f  a l l  t h e  components shown be -  

lcrw t h e  two boxed c i r c u i t s .  The low and  h i g h  v o l t a g e  dc  paue r  sup-  

p l y  i a  belaw t h e  a m p l i f i e r  and p u l s e  s h a p i n g  c i r c u i t s .  T h i s  power 

supp ly  p r o v i d e s  low d c  v o l t a g e  (-6, 6,  and +15 vdc)  t o  t h e  a m p l i -  

f i e r s  and  p u l s e  s h a p e r e ,  and  h i g h  d c  v o l t a g e  f o r  t h e  ion  chamber 

c o l l e c t o r  (310 vdc )  and t h e  Geiger  t ube  anode (900 v d c ) .  The ac 

i n p u t  power is  o b t a i n e d  from a n  i n v e r t e r  c i r c u i t  (414, Q15, and  t h e  

midd le  wind ing  of  T l ) .  The dc i n p u t  t o  t h e  i n v e r t e r  is o b t a i n e d  

from t h e  r e g u l a t o r  c i r c u i t  (416 t h rough  4 2 0 ) .  The r e g u l a t o r  i n p u t  

is o b t a i n e d  from t h e  fu l l -wave  b r i d g e  r e c t i f i e r  (T2) , which r e c t i f i e s  

a 2400 c p s  i n p u t  from t h e  s p a c e c r a f t  p a r e r  subsys tem.  

r e c t i f i e r  a e s o c i a t e d  w i t h  the  bot tom T l  w ind ing  , p r o v i d e s  r e g u l a t e d  

d c  v o l t a g e  f o r  t h e  r e g u l a t o r  d i f f e r e n t i a l  a m p l i f i e r  (Q18 and Q 1 9 ) .  

The fu l l -wave  

3.5 Per formance  C h a r a c t e r i s t i c s  

The per formance  c h a r a c t e r i s t i c s  o f  t h e  i o n  chamber-(;eiger 

t ube  i n s t r u m e n t  a re  summarized i n  T a b l e  3 - I V .  These C h a r a c t e r i s t i c 8  

i n c l u d e  t y p e s  of r a d i a t i o n 8  and t h e i r  t h r e s h o l d  levelo , c o u n t  rate6 , 
s e n s i t i v i t y ,  d i r e c t i o n a l  c h a r a c t e r i s t i c 8  , a c c u r a c y ,  and o u t p u t  wave- 

form c h a r a c t e r i s t i c s .  

5030 -Fin. 1 25 



A 

- 
I 
I I > 

? 

f [TilH 
I-- -- + 

I 

3- 
l d  
I 
I 

I , 
I c 

I V m I 



--- 

TABLE 3-IV 

PERIQRMANCE AND PHYSIOAL CHARACTERISTICS OF 
THE ION CHAMBER-GEIGER TUBE INSTRUMENT 

C h a r a c t e r  is t ic D e r c r i p t i o n  

I .  R a d i a t i o n  T h r e r h o l d :  
Ion Chamber 

Geiger -Muel le r  Tube 

2 .  Maximum Count  Rate$ 
Ion  Chamber 
Ge i g  er -Mue 1 1 er t u b  e 

3.  F lux  S e n s i t i v i t y  

4, D i r e c t i o n a l  Sens i t  i v i t y  
Ion  Chamber 
G-M t u b e  

5 .  Count Rate Accuracy 

6 .  Outpu t  Waveform 
Ion  Chamber 

Amp 1 i t ude 
P u l s e  w i d t h  
Rise time 

Ampli tude 
P u l s e  w i d t h  
Rise time 

Ge ige r  Tube 

7 .  P e r m i s s i b l e  Loading Impedance 

8. Leak Rate 

9 .  F u n c t i o n a l  L i f e  
Ion  Chamber 
Geiger Tube 

a Based on r e c l u l t s  of 

b' 

Electrons: 0 .5  Mev 
P r o t o n r :  10 Wev 
A 1ph.r : 40 Ncv 
Electrons: 0 .5  Hev 
Protons :  LO Hev 
A l p h s  t 40 Xcv 

100 Countrlsac 
50,000 camtl/rec 

R a d i a t i o n  changer  i n  excesa  
o f  2 p e r c e n t  can  be d e t e c t e d  

Omnld i r  ec t iona  1 
O m n i d i r e c t l o n r l  (geometr ic  
f a c t o r  - 7 cm*) 

- < 2 0.5  p e r c e n t  

3 vdc 
5 t o  40 peec  
1 u s e c  

3 vdc 
5 t o  40 psec 
1 paec  

470 ohms 

- < 2 x 
he l ium 

2 c m  /sec of s t a n d a r d  

8 > 10 x 10 counts '  
> LO x 1010 c o u n t s  

D r .  Neher 'e expe r imen t r  (CIT) 
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TABLE 3 - I V  (continued) 

Characteris t i c  Description * 
10. Operating Temperature Range - 3 0  to  7OoC 

11. Storage Temperature -50' to  8OoC 

12. Power Requirement 

13. Weight 

14. Magnetic Fie ld  Intensity 

< 500 mil l iwat t s  - 
2 . 6  l b a  

< 5 gamnias a t  3 f e e t  from 
any surface 

15. Overall Dimensions 1 3 . 4  by 9 .8  by 5 inches 
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4. DESIW AND FABRICATION PRDGRAH 

The Ion  Chamber-Geiger Tube Ins t rumen t  F a b r i c a t i o n  Program i n -  

vo lved  t h e  J e t  P r o p u l r i o n  Labora to ry  (JPL) , t h e  C a l i f o r n i a  I n s t i t u t e  

of Technology (CIT),  and  E l e c t r o - O p t i c a l  Syetemr , I n c .  (EOS). Design 

and  t e r t i n g  of  t h e  i n r t r u m e n t  were performed by JPL and  CIT, and BOS 

f a b r i c a t e d  t h r e e  p r o t o t y p e  and t h r e e  f l i g h t  wit. (i4C-2, BE-3, and 

MC-4). 
d u r i n g  t h e  program. 

T a b l e  4-1 p r o v i d e r  a breakdown of t h e  v a r i o u r  t a s k s  performed 

TABLE 4-1 

DESIGN , FABRICATION , AND TESTING TASKS 
PERFQRHED DURING PROGRAM 

JPL C I T  ms 
C i r c u i t  d e s i g n  and 
l a y o u t  

Purchared  and s c r e e n e d  
e l e c t r i c a l  components 
and Ge ige r - t l ue l l e r  t ube  

Performed f u n c t i o n a l ,  
env i ronmen ta l ,  and 
a c c e p t a n c e  test8 on 
cornp l e  t e d  i n s t r u m e n t s  

C c u  t ed  c o l l e c t o r  
r o d  and f i b e r  

Completed assembly  of  
heade r ,  electraneter,  
and  s p h e r e  

Performed bake-out  and  
g a s - f i l l  o p e r a t i o n o  on 
s p h e r e  

F a b r i c a t e d  Geiger  
t u b e  r h i e l d  and 
t r a n s p o r t a t i o n  and 
h a n d l i n g  guard  

F a b r i c a t e d  i o n  chunber  
( excep t  f o r  CIT t a r k s )  

Asrembled p r i n t e d  c i r -  
-cuit board8  

Asrembled e n t i r e  u n i t  
and d e l i v e r e d  t o  JPL 



4 . 1  Program O r g a n i u t i o n  

The o r g a n i c a t i o n  c h a r t  f o r  t h e  I o n  Chamber-Geiger-Tube 

I n r t r u m e n t  F a b r l c a t i o n  Program i r  rhcrwn i n  Fig. 1-2 .  The key JPL 
and EOS p r o j e c t  member8 are i d e n t i f i e d  under  each  t a r k  rhavn  i n  t h e  

c h a r t .  

4.2 f p L  Requiremento 

A l l  JPL  requ i r emen t s  s t a t e d  i n  J P L  S p e c i f i c a t i o n  He S-31578- 

DTL were s a t i s f i e d  by EOS d u r i n g  t h e  f a b r i c a t i o n  program. The re  i n -  

c l u d e d  m a t e r i a l e ,  p r o c e r s c r ,  hardware,  rev iew m c c t i n g r ,  documen ta t ion ,  

per formance  and p r o d u c t  c h a r a c t e r i r t i c r  , and worknunrhip  r equ i r emen t8  . 
A b r i e f  rumnary o f  t h e  work per fonned  t o  f a t i r f y  t h e r e  r equ i r amen t r  

is g i v e n  b e l w .  

Materials, P r o c e r s e r  , and Hardware 

H a t e r i a l r ,  p rocecse r  , and  hardware were r e l e c t e d  in a c c o r d -  

a n c e  w i t h  JPL S p e c i f i c a t i o n 8  20002, 20014, 20026, 20060, 20501, 20502, 

and 30261. 

Method8 Review 

Befo re  f a b r i c a t i n g  the  p r o t o t y p e  i n s t r u m e n t ,  JPL reviewed 

and  e v a l u a t e d  EOS material s e l e c t i o n ,  f a b r i c a t i o n  processes, and 

q u a l i t y  c o n t r o l  procedureo .  

P r o t o t y p e  Review 

P r o t o t y p e  ino t rumen t s  were i n e p e c t e d  by J P L  f o r  conformance 

t o  m a t e r i a l e  and workmanship r e q u i r e m e n t s ,  

Material Review Board 

A material rev iew board f o r  e v a l u a t i n g  r e j e c t e d  components 

was e r t a b l i o h c d  by EOS i n  acco rdance  w i t h  t h e  requi remento  o f  JPL  

S p e c i f i c a t i o n  30274. 

F a i l u r e  Repor te  

A f a i l u r e  r e p o r t i n g  ey r t em,  u s i n g  JPL f u r n i r h e d  r e p o r t  fo rmr ,  

was e s t a b l i s h e d  f o r  documenting a11 f a i l u r e s  beg inn ing  w i t h  e lectr ical  

t e e t i n g  o f  f u n c t i o n a l  p r o t o t y p e  a88embl i e s .  
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Docuwrntat ion 

Cop ies  of t h o  q u a l i t y  c o n t r o l  f low p l a n ,  material review 

board a a t i o m ,  and taat p r o a d u r u  wory dal ivotod to JOL w i t h  uGb 
u n i t .  (lo failuro r o p o r t r  were roquired f r a  Po8 b-wr h t r u a o n t  

tor t -  -8 not performad by XH.) 

P e r f o m n c e  8nd Product  C h a r a c t e r i 8 t i c m  

Performance and p roduc t  c h a r a c t e r i o t l c  r equ i r emen t8  8 8 t h -  

f id d u r i n g  t h e  program i n c l u d e :  (1) a maximum l e a k  ra te  o f  2 x 10-8 

cm2/8ec of he l ium;  (2) i n s t r u m e n t  c o n f i g u r a t i o n  conformance t o  JPL 
drawing 5480 1180; (3) d imenr ion  conformance t o  JPL drawing 3480 11m; 

(4) i n t e r c h a n g e a b i l i t y  of parts and  s u b a r s e m b l i e s  of  t h e  same series; 

( 5 )  i n c o r p o r a t i o n  of a removable f i l l i n g  t u b e  a n d  Kovar-tdrg&.m roals 
i n  t h e  h e a d e r a ;  and ( 6 )  prope r  f i n i s h i n g  of  i n s t r u m e n t  s u r f a c e  t o  s u r -  

v i v e  t h e  f l i g h t  t he rma l  environment .  

Wprknuno h ie 
The worknunrhip conformed t o  r e q u i r e m e n t s  g i v e n  i n  JPL 

S p e c i f i c a t i o n  20016. 

4 . 3  Darbn Tarka 

H o s t  o f  t h e  i n s t r u m e n t  d e s i g n  and development work w a s  can- 
b 

p l e t e d  a t  JPL or under  a p r e v i o u s  EOS program . 
t u b e  w a s  d c r i g n e d - a n d  b u i l t  by R a d i a t i o n  Coun te r s  L a b o r a t o r i e s ,  I n c .  

However, s even  components i n  t h e  i o n  chamber subareembly were re- 

d e s i g n e d  by EOS d u r i n g  t h i s  program. These components i n c l u d e  t h e  

s i l v e r  cup f o r  h o l d i n g  t h e  q u a r t z  c o l l e c t o r  r o d ,  t h e  s p i d e r  f o r  

a t t a c h i n g  t h e  cup t o  t h e  h e a d e r ,  t h e  s p i d e r  s p r i n g  f o r  p r e v e n t i n g  

c o l l e c t o r  rod  r eoonance ,  t h e  neck c o v e r ,  t h e  i o n  chamber r u p p o r t  f o r  

a t t a c h i n g  t h e  chamber t o  t h e  e l e c t r o n i c s  subassembly c h a s s i s ,  t h e  

removable  f i l l e r  t u b e ,  and t h e  h e a d e r .  These components a re  shown 

i n  F i g .  3-2.  

The Geiger-Mueller  

a K o v a r - t o - g l a s s  seals were p rov ided  by t h e  Bendix Coruwtorr  hoade r  p i n s .  

b 
Deoign and Development o f  a n  I o n  Chamber-Range Follav-On, JPL C o n t r a c t  
950272, w)S Repor t  No. 3 0 6 0 - F i ~ 1 ,  26 Octobe r  1962 

, 

31 . 



4 . 4  F a b r i c a t i o n  P l a n  

The main t a r k r  r e q u i r e d  t o  comple t e  t h e  program a re  i d e n -  

t i f i e d  i n  t h e  JPL F lov  P l a n  (PERT C h a r t )  rhown i n  F i g .  4-1.  T h i s  

p l a n  i d e n t i f i e s  a l l  EOS and CIT t a f k o  and s c h e d u l e  d a t a  f o r  t h e  

f a b r i c a t i o n  and t e s t i n g  o f  the i o n  charnber-Geiger t u b e  in r t ru rnen t .  

The t a s k r  per formad by JPL b e f o r e  and a f t e r  release of t h e  pu rchase  

o r d e r  t o  80s are a180 shown i n  t h e  p l a n .  

4.5 F a b r i c a t i o n  Techniques  

The material8 and  t e c h n i q u e s  employed t o  fabr icate  t h e  

v a r i o u r  components and  r u b a r r e m b l i e r  of t h e  i o n  chamber-Geiger t u b e  

i n s t r u m e n t  a re  r u ~ m ~ r i t e d  i n  T a b l e  4-11. The p r i n c i p a l  c a p o ~ n t r  - 

or ruba r re rnb l i e s  cove red  i n  t h i r  t ab l e  i n c l u d e  t h e  i o n  chamber ,  t h e  

G-l4 t u b e  r h i c l d ,  t h e  p r i n t e d  c i r c u i t  b o a r d r ,  and  t h e  e l e c t r o n i c s  

s u b c h a s e i o .  F a b r i c a t i o n  t echn ique8  f o r  component8 r u p p l i e d  by JPL 

or CIT are n o t  i n c l u d e d  i n  the t a b l e .  

4 . 6  Q u a l i t y  A r r u r a n c e  

A q u a l i t y  c o n t r o l  program was e a t a b l i s h e d  by  M)S in accord- 

a n c e  w i t h  t h e  format o u t l i n e d  i n  JPL S p e c i f i c a t i o n  30274. 

of t h i r  program a q u a l i t y  c o n t r o l  p l a n  war conipletcd and  approved  be- 

fore  f l i g h t  hardware  f a b r i c a t i o n .  

a f l w  c h a r t  c o v e r i n g  a l l  phases  of a r sembly ,  t e s t ,  and  i n e p e c t i o n  

from i n i t i a l  r e c e i p t  of r a w  materials t o  d e l i v e r y  o f  c a n p l e t e d  u n i t s  

t o  JPL. Q u a l i t y  a s r u r a n c e  p rocedures  f o r  t h i e  program are  d i r c u s o e d  

A8 a r e s u l t  
a 

The q u a l i t y  c o n t r o l  p l a n  i n c l u d e d  

beluw 

I n s p e c t i o n  of Component8 

A l l  pu rcha red  p a r t 8  , canponen t r  , and  arremblier were rub -  

jected t o  r e c e i v i n g  i n r p e c t i o n r  , which  i n c l u d e d  r c r c e n i n g  and  t e r t -  

i n g  when a p p l i c a b l e .  

i n  a l l  caies where  component8 were t o  be u red  i n  end i t m r .  

p r o c e r r  i n s p e c t i o n 8  and  test8 were performed on a l l  f a b r i c d t e d  p a r t s  

a c c o r d i n g  t o  t h e  p r o d u c t i o n  flow d i a g r a m  approved  by  JPL.  

Procurement  p rocedure8  e n r u r e d  r u c h  i n r p e c t i o n r  

I n -  

F i n a l  

‘See append ix  
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TABLE 4-11 
INSTRUMENT FABRICAT ION TECHNIQUES" 

Component/Subasrcmbly Material P r o c a r r  

Sphere S t a i n l e r s  s t ee l  
Fabr  ice t i o n  Hydroforming, h e l i -  

arc w e l d i n g ,  and 
cham-mil l ing 

F i n i s h  B lack  o x i d e  

C o l l e c t o r  R o d  
1 

hoed q u a r t z  
w 

Hand-drawn f r o p  
a .o l id  q u a r t z  rod  

Chamber Neck S t a i n l e a s  s teel  h c  h i n e d  

Chamber Suppor t  S t a i n l e r r  s tee l  Uachined 

Sp i d e r  Bery l l i um copper  Hac h i n e d  

C o l l e c t o r  Cup S i l v e r  Machined 

S p i d e r  S p r i n g  

Header 

F a b r i c a t i o n  
F i n i e h  

Cover 
F a b r i c a t i o n  

1 F i 1 1 cr Tube 

Header F i t t i n g  

E l g i l o y  Hand-formed and h e a t -  
t r e m t e d  

S t a i n l e e s  r t ee l  
base and  Bendix 
Cerameterrn p i n e  
(Kovar - t o - g l a s s . )  

Machined and b r a z e d  
S i lver  -p  la t ed 

Aluminum 
Stamped, hand-po l i ehed  

S t a i n l e s s  s t ee l  Tube and f i t t i n g  b r a z e d  
t o g e t h e r  

Copper t u b i n g  Cu t  from s t o c k  

Ge ige r  Tube S h i e l d  S t a i n l e r e  s teel  
F a b r i c a t i o n  Machined 
F i n i r h  B lack  o x i d e  

a F a b r i c a t i o n  t e c h n i q u e s  f o r  components o r  r u b a s r a m b l i e r  r u p p l i e d  by 
JPL o r  CIT a re  n o t  i n c l u d e d .  



TABLE 4-11 (cont inued)  

Component/Subassembly Material Process 

Pr in ted  C i r c u i t  Boards Epoxy-lamina t ed  Hand-arsembled and 
board hand-soldered 

Gold-plated etched 
c i r c u i t s  

Subchaseis 
( e l e c t r o n i c s )  

Fabr ice t ion  

F i n i s h  

Forged magnee ium (hg) 

Machined from a s o l i d  
b lock  of Mg 

Coated and po l i rhed  
w i t h  copper, n i c k e l ,  
and g o l d  
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i n s p e c t i o n  of each  i tem produced w a s  made i n  acco rdance  w i t h  t h e  EOS 

Q u a l i t y  C o n t r o l  Hanua1. I n r p e c t i o n  marking t c c h n i q u e r  were approved 

by JPL. Q u a l i t y  C o n t r o l  program r e c o r d s  were  m a i n t a i n e d  i n  a c c o r d -  

a n c e  w i t h  t h e  Eo6 Q u a l i t y  Con t ro l  Manual,  and a r e  a v a i l a b l e  t o  JPL 

upon r e q u e s t .  

Material C o n t r o l  Flaw - Material c o n t r o l  began upon i n i -  

t i a t i o n  of procurement .  The n o t e  "Product ion  Procurement"  on t h e  

pu rchase  r e q u e s t  i n d i c a t e d  that a p a r t  would b e  r e l e c t e d  from e i t h e r  

t h e  p r e f e r r e d  par ts  l i s t  or the  approved  vendors  l i r t ,  ar a p p l i c a b l e .  

A c e r t i f i c a t e  f o r  each  i t e m  ensu red  t h a t  t h e  components were sub-  

j e c t e d  t o  r e c e i v i n g  i n s p e c t i o n  p r i o r  t o  acceptance by EOS. Accep t -  

a b l e  components were  s t o r e d  i n  t h e  s t o c k  room u n t i l  needed f o r  f a b -  

r ica  t i o n .  

E l e c t r o n i c  Components - A l l  e l e c t r o n i c  c m p o n e n t s  were 

i d e n t i f i e d  by an a p p r o p r i a t e  code  that was r e t a i n e d  th roughou t  i n -  

s p e c t i o n ,  t e s t ,  and f i n a l  d i s p o s i t i o n  of  t h e  p a r t o .  A comple t e  h i s -  

t o r y  of each  pa r t  was r eco rded  and  k e p t  on f i l e .  Recorded data i n -  

c l u d e d  t es t  measurement values, A d e s c r i p t i o n  o f  t h e  tes t  performed,  

and  t h e  f i n a l  d i s p o s i t i o n  of t h e  p a r t .  P a r t s  s c r e e n i n g  tes ts  were 

performed i n  acco rdance  w i t h  JPL Test S p e c i f i c a t i o n  No. 30237A, 

S c r e e n i n g  I n s p e c t i o n  f o r  E l e c t r o n i c  P a r t s .  

Documentation - Within  t h e  a s rembly  a c t i v i t y ,  i n - p r o c e s s  

goods were i d e n t i f i e d  a t  all times w i t h  a t t a c h e d  t r a v e l l e r s  t h a t  

c o n t a i n e d  a s sembly ,  t e s t ,  and i n s p e c t i o n  S t a t u s  i n f o r m a t i o n .  The 

sequence  of f a b r i c a t i o n ,  t e s t ,  and i n s p e c t i o n  a c t i o n s  were s e t  f o r t h  

i n  p r o d u c t i o n  f l aw  diagram8 d e v i s e d  f o r  t h e  p a r t i c u l a r  e l e c t r o n i c  

a s rembly  invo lved .  

P e r i o d i c  C a l i b r a t i o n  of T e s t i n g  and Measuring Equipment 

A s  a p a r t  o f  t h e  product  a s s u r a n c e  p l a n  p repa red  d u r i n g  

i n i t i a l  p r o j e c t  p l a n n i n g ,  the  p r o j e c t  s u p e r v i s o r  i s r u e d  a l i s t  of 

measur ing  and t e n t i n g  equipment t h a t  r e q u i r e d  p e r i o d i c  t a l i b r a t i o n  

f o r  t h e  p r o j e c t .  
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Time and  Pe r iod  of C a l i b r a t i o n  

A l l  i n s t r u m e n t r  on t h e  l i l t  were c a l i b r a t e d  b e f o r e  i n i t i a -  

t i n g  c o n s t r u c t i o n  of  p r o t o t y p e  and  f l i g h t  hardware .  The p r o j e c t  

s u p e r v i s o r  s chedu led  t h e  work f l aw  t o  minimize d i s r u p t i o n  of work 

d u r i n g  i n s t r u m e n t  c a l i b r a t i o n .  

The i n t e r v a l  of c a l i b r a t i o n  w a s  a d j u s t e d  f o r  t h e  s t a b i l i t y ,  

uoage,  and  purpose  of t h e  equipment.  T y p i c a l  c a l i b r a t i o n  i n t e r v a l s  

were a 3-month p e r i o d  f o r  e l e c t r o n i c  equipment  and a 6-month p e r i o d  

f o r  mechan ica l  equipment .  However, equipment  w a s  c a l i b r a t e d  a f t e r  

any  e v e n t  t h a t  may have a f f e c t e d  i t s  a c c u r a c y .  I f  a c a l i b r a t i o n  

i n t e r v a l  was n o t  s p e c i f i e d  by t h e  p r o j e c t  s u p e r v i s o r  o r  c o o r d i n a t o r ,  

a Q u a l i t y  Assurance r e p r e s e n t a t i v e  a s s i g n e d  a n  i n t e r v a l .  

D u t i e s  of Q u a l i t y  Assurance  - The Q u a l i t y  Aseurance D e p a r t -  

ment w a s  r e s p o n s i b l e  f o r  a r s u r i n g  t h a t  p r o p e r  c a l i b r a t i o n o  were p e r -  

formed on equipment  d e r i g n a t e d  above .  A depa r tmen t  pu rcha re  r e q u e r t  

was p r e p a r e d  f o r  t h e  c a l i b r a t i o n  of  each  i n s t r u m e n t .  O the r  forma 

were p r e p a r e d  t o  i n i t i a t e  a c t i o n  a t  t h e  r e - o c c u r r e n c e  of t h e  Ca l i -  

b r a t i o n  i n t e r v a l ,  To f a c i l i t a t e  s c h e d u l i n g ,  t h e  Quality Aseurance 

Department  n o t i f i e d  t h e  p r o j e c t  s u p e r v i s o r  2 weeks i n  advance  o f  

t h e  c a l i b r a t i o n  p e r i o d .  When r e q u i r e d  by t h e  p r o j e c t  s u p e r v i s o r  , 
t h e  i n s t r u m e n t  was cal ibrated i n  advance  o f  i ts  normal s c h e d u l e .  

The Q u a l i t y  ASourance Department  m a i n t a i n e d  a f i l e  on a l l  

r e g u l a r l y  c a l i b r a t e d  i n s t r u m e n t s ,  by p r o j e c t  work a u t h o r i z a t i o n ,  

u n t i l  t h e  t e r m i n a t i o n  of t h e  p r o j e c t .  The depa r tmen t  a l s o  p rov ided  

c a l i b r a t i o n  s t a t u s  i d e n t i f i c a t i o n  f o r  t h e  p r o j e c t ' s  t e s t i n g  and 

measur ing  equipment .  

Drawing and S p e c i f  i c a t i o n  C o n t r o l  

Drawing and n p e c i f  i c a t i o n  c o n t r o l  was e s t a b l i s h e d  and 

ma in ta ined  by t h e  p r o j e c t  document c o n t r o l  c e n t e r  and was moni tored  

by t h e  Q u a l i t y  Assurance  Department  f o r  a v a i l a b i l i t y ,  d i s t r i b u t i o n ,  

and a c c u r a c y .  
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Major  S u b c o n t r a c t o r  C o n t r o l  

I n  cases o f  procurement  of  major  f a b r i c a t i o n  s e r v i c e s  or 

goods ,  EOS assumed r e s p o n s i b i l i t y  f o r  s u b c o n t r a c t o r  compl iance  w i t h  

JPL q u a l i t y  a s s u r a n c e  p r o v i s i o n s .  T h i s  was accompl ished  by p r o p e r  

s u b c o n t r a c t  a r r angemen t s ,  by s o u r c e  i n s p e c t i o n s  by EOS Produc t  Assu r -  

ance  p e r s o n n e l ,  and by s u p e r v i s i o n  of s u b c o n t r a c t o r  performance by 

t h e  EOS l i a i s o n  e n g i n e e r .  

4 . 7  Documentat ion and Eng inee r ing  Data 

T e c h n i c a l  and f i n a n c i a l  p r o g r e s s  f o r  t h i s  program was re- 

p o r t e d  on a monthly b a s i s .  In fo rma l  l e t t e r - t y p e  r e p o r t s  i n c l u d e d  

b r i e f  summaries of a l l  major developmentg d u r i n g  t h e  p r e v i o u s  month. 

F i n a n c i a l  d a t a  were p r e s e n t e d  g r a p h i c a l l y  and i n c l u d e d  a c t u a l  and 

p r o j e c t e d  month ly  e x p e n d i t u r e s ,  t o t a l  funds  expended t o  d a t e ,  and 

o r i g i n a l  c o n t r a c t  funds  e s t i m a t e d  f o r  comple t ion  of  t h e  program. 

O t h e r  documents s u p p l i e d  t o  JPL  d u r i n g  t h e  c o n t r a c t  p e r i o d ,  

i n c l u d e d  f a i l u r e  and  i n s p e c t i o n  r e p o r t s ,  a materials l i r t ,  and a 

q u a l i t y  c o n t r o l  p l a n .  

on t h e  i n s t r u m e n t  was d e l i v e r e d  t o  t h e  cus tomer .  

A complete set of r e p r o d u c i b l e  d e t a i l  drawing8 

4 .8  Problem Areas  

No major  t e c h n i c a l  o r  f i s c a l  problems developed  d u r i n g  t h e  

I o n i z a t i o n  Chamber-Geiger Tube I n r t r u m e n t  Program. However, several 

minor d e s i g n  and f a b r i c a t i o n  problems a r o s e  and  a re  p r e s e n t e d  below. 

Eng inee r ing  Drawings 

E a r l y  i n  t h e  d e s i g n  phase  o f  t h e  program, i t  was d i s c o v e r e d  

t h a t  e n g i n e e r i n g  drawings  used f o r  producing  ear l ie r  models of  t h e  

i o n  chamber d i d  n o t  i n c l u d e  t h e  changes  r e q u i r e d  f o r  t h e  h r i n e r  C 

i n s t r u m e n t .  T h e r e f o r e ,  i t  was n e c e s s a r y  t o  prepare a comple te  se t  

o f  new drawings .  

e v e r ,  new drawings were  r e q u i r e d  f o r  t h e  chamber s p i d e r ,  s p i d e r  

s p r i n g ,  header  b a s e ,  t ube  f i t t i n g ,  and  c i r c u i t  boa rds .  

s a r y  t o  prepare drawings  f o r  t h e  i o n i z a t i o n  chamber s u p p o r t  and a 

composi te  drawing of  t h e  e n t i r e  i n s t r u m e n t ,  i n c l u d i n g  t h e  i o n  chamber ,  

Minor drawing changes  were made t o  s e v e r a l .  How- 

I t  w a s  neces -  
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G-M t u b e ,  and e l e c t r o n i c s  c h a s s i s  - t h e  l a t t e r  drawing b e i n g  n e c e s -  

s a r y  t o  p r o c u r e  s h i p p i n g  c o n t a i n e r s .  These drawing  changes  posed 

no major  t e c h n i c a l  problems;  however , time consumed f o r  t h i s  t a s k  

exceeded t h e  amount o r i g i n a l l y  a n t i c i p a t e d  t o  coniplete  new drawings .  

New Header Design 

The new header  c o n f i g u r a t i o n  w a s  s a t i s f a c t o r y  w i t h  o n l y  

two minor  problems.  The f i r s t  u n i t  u t i l i z e d  a c o l l e c t o r  cup  t h a t  

was s o l d e r e d  to t h e  s p i d e r .  Dur ing  t h e  s o l d e r i n g  o p e r a t i o n ,  t h e  

s p i d e r  s p r i n g  became a n n e a l e d  and p r o v i d e d  no damping d u r i n g  v i b r a -  

t i o n .  The r e d e s i g n e d  u n i t  used a t r u a r c  s n a p  r i n g  as a f a s t e n e r  

and  no s o l d e r i n g  was n e c e s s a r y .  Dur ing  v i b r a t i o n ,  t h e  cup r o t a t e d  

i n  t h e  s p i d e r .  S i n c e  t h e  w i r e  (F ig .  3-2) c o n n e c t i n g  t h e  s i d e  arm 

t o  t h e  h e a d e r  c o u l d  b r e a k  i f  t h e  cup  r o t a t e d  t o o  much, i t  w a s  n e c e s -  

s a r y  t o  p r e v e n t  t h i s  movement. S e v e r a l  methods were t r i e d ,  w i t h  

o n l y  token  s u c c e s s .  Hcwever, t h e  f i n a l  method w a s  t o  s i l v e r  s o l d e r  

a s t ee l  p i n  t o  t h e  cup and  notch  t h e  s p i d e r  t o  a c c e p t  t h e  p i n .  T h i s  

method was s a t i s f a c t o r y  and d i d  n o t  a f f e c t  t h e  v i b r a t i o n  c h a r a c t e r -  

i s t i c s  of t h e  e l e c t r o m e t e r .  

E l e c t r o n i c s  S u b c h a s s i s  

Another  problem o c c u r r e d  i n  t h e  f a b r i c a t i o n  of  t h e  e l ec -  

t r o n i c s  r u b c h o s s i s .  Procurement problems r e s u l t e d  f r a n  p r o c e s s i n g  

changes  on r e l e a s e d  drawings t h a t  were n o t  s p e c i f i e d  i n  t h e  p r e l i m -  

i n a r y  drawings  used f o r  EOS c o s t  e s t i m a t e s .  

w a s  a v a i l a b l e ,  s e v e r a l  weeks were r e q u i r e d  t o  o b t a i n  t h e  s u b c h a s s i s  

mater ia l .  There  w e r e  a l s o  problems i n v o l v e d  i n  p l a c i n g  a subcon-  

t rac t  f o r  machin ing  t h i s  p a r t ,  and s e v e r a l  vendors  r e f u s e d  t o  b i d .  

The o r d e r  was f i n a l l y  p laced  and t h e  p r o t o t y p e  and f l i g h t  u n i t s  r e -  

c e i v e d  a t  EOS were s a t i s f a c t o r y .  

two u n i t s  was borrowed from J P L  and  r e p l a c e d  a f t e r  EOS r e c e i v e d  t h e  

mater ia l  from i t s  v e n d o r .  J P L  a l s o  f u r n i s h e d  spec ia l  Kaynar i n s e r t s  

f o r  t h e  s u b c h a s s i s  because  long  l e a d - t i m e  and l a r g e  minimum o r d e r  

r e q u i r e m e n t s  would have de layed  t h e  program. 

S i n c e  o n l y  one s o u r c e  

The material  used i n  t h e  f i r s t  
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E l e c t r o n i c  F a b r i c a t i o n  

The remain ing  problem8 occur red  d u r i n g  e l e c t r o n i c s  f a b r i -  

c a t i o n .  The f i r s t  problem was t h a t  i n s u f f i c i e n t  components were 

r e c e i v e d  from J P L  t o  commence assembly .  Upon r e c e i p t  of  t h e  compo- 

n e n t s ,  a r e c e i v i n g  i n s p e c t i o n  w a s  performed and many of t h e  more 

c r i t l c a l  components were  r e j e c t e d  f o r  n icked  l e a d s ,  p i t s  and vo ids  

i n  s o l d e r  oeals ,  and damaged s u r f a c e s .  The r e j e c t e d  components were  

r e t u r n e d  f o r  JPL d i s p o a i t i o n .  The remain ing  u s a b l e  components . r e r e  

c o a t e d  w i t h  Eccosea l ,  and t h e  assembly  p r o g r e s r c d  aa f a r  a8 po68 ib le  

w i t h  t h e  a v a i l a b l e  components.  The time consumed by i n s p e c t i n g  and 

r e j e c t i n g  components r e s u l t e d  I n  a s e v e r e  t i g h t e n i n g  of t h e  s c h e d u l e .  

B lack  Oxide C o a t i n g  

Another  problem area invo lved  t h e  b l a c k  o x i d e  c o a t i n g  ueed 

f o r  t he rma l  c o n t r o l  on t h e  s p h e r e .  S e v e r a l  o p e r a t i o n s  were performed 

a f t e r  t h e  c o a t i n g  was a p p l i e d .  A f t e r  t h e s e  o p e r a t i o n 8  were comple ted ,  

a n  e f f o r t  w a s  made t o  c l e a n  t h e  c o a t e d  s u r f a c e  w i t h  water. T h i s  re- 

s u l t e d  i n  s t r e a k i n g  and  removal of a p o r t i o n  of t h e  c o a t i n g .  Upon 

i n v e s t i g a t i o n ,  i t  was d i s c o v e r e d  t h a t  b l a c k  o x i d e  c o a t i n g s  a re  v e r y  

d i f f i c u l t  t o  c l e a n  and should  o n l y  b e  a t t e m p t e d  when a b s o l u t e l y  

n e c e s s a r y .  

u s e  of t r i c h l o r e t h y l e n e  a s  t h e  o n l y  s o l v e n t  f o r  c l e a n i n g  t h e  o x i d e  

c o a t i n g  . 

The vendor  who performed t h i s  o p e r a t i o n  recarmended t h e  

Header P i n  Leakage 

The n e x t  problem was w i t h  header  p i n  l e a k a g e .  S e v e r a l  

heade r s  deve loped  , o m a l l  l cake  d u r i n g  temperature c y c l i n g .  Af te r  

replacement o f  t h e  f a u l t y  p i n e ,  t h e  heade r s  were a g a i n  c y c l e d  w i t h -  

o u t  d e v e l o p i n g  any  l eak8  and a c c e p t e d .  The r eaaon  f o r  t h i s  problem 

was n o t  de t e rmined .  

Sphere  Leak&= 

I o n i z a t i o n  chamber s p h e r e  l eakage  was a n o t h e r  problem 

Six o f  s e v e n  s p h e r e s  had leaky  weld j o l n t a .  

were r e t u r n e d  twice t o  t h e  vendor  f o r  rework. Thi6 problem w a 6  

S e v e r a l  o f  t h e  s p h e r e s  
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e v i d e n t l y  due t o  a change i n  mater ia l  from 321 r t a i n l e r o  s t ee l  t o  

347 s t a i n l e a s .  

made u s i n g  321  s t a i n l e s r  \ a t e e l ,  w i t h  a b s o l u t e l y  no l e a k y  v e l d  j o i n t r .  

I t  is recommended t h a t  t h e  use  o f  347 s t a i n l e e r  be d i s c o n t i n u e d  on 

f u t u r e  programs.  

P r i o r  t o  t h i r  material change ,  30 t o  50 r p h e r e r  were 

S p i d e r  S p r i n a  

A major  problem developed i n  t h e  i o n i z a t i o n  chamber con-  

s t r u c t i o n  which  de layed  d e l i v e r y  o f  t h e  p r o t o t y p e  model. A f t e r  

bake-out  t h e  chamber p laced  on a v i b r a t i o n  t a b l e  a t  JPL. During 

v i b r a t i o n  a r a t t l i n g  sound was e m i t t e d  from t h e  chamber.  The u n i t  

was removed from t h e  t a b l e  end d ioassembled .  Upon examina t ion ,  i t  

w a s  found t h a t  t h e  s p i d e r  s p r i n g  was looee  and no l o n g e r  p rov ided  

t e n s i o n  f o r  h o l d i n g  t h e  cup  t o  t h e  heade r .  The electraneter w a s  

r e t u r n e d  t o  EOS f o r  f u r t h e r  examinat ion  of  t h e  heade r  which r e v e a l e d  

t h a t  t h e  u n i t  w a s  s u b j e c t e d  t o  a t empera tu re  i n  excess of 572 F dur-  

i n g  bake-out .  The s p i d e r  s p r i n g  W ~ B  c o n s t r u c t e d  from b e r y l l i u m  cop-  

p e r ,  which h a s  a n  a n n e a l i n g  p o i n t  of approx ima te ly  1400°F, and  s h o u l d ,  

t h e r e f o r e ,  n o t  be  a f f e c t e d  by bake-out  a t  572OF (300°C). F u r t h e r  

i n v e s t i g a t i o n  r e v e a l e d  t h a t  a l t h o u g h  t h e  b e r y l l i u m  copper  was an -  

nea led  a t  140OoP, i t  b e g i n s  t o  s o f t e n  a t  600' t o  650°F. Thus ,  t h e  

4-hour  bake-out  a t  a t empera tu re  g r e a t e r  t han  572 F waa s u f f i c i e n t  

t o  cause t h e  small change i n  shape  t h a t  took  place i n  t h e  s p i d e r  

. r p r i n g  and t h e  reduced  t e n r f o n  on  t h e  c o l l e c t o r  cup .  

0 

0 

Use of a d i f f e r e n t  material for t h e  rpldar s p r i n g  s o l v e d  

t h e  problem. From s e v e r a l  p o s s i b i l i t i e s ,  a m a t e r i a l  known as E l g i l o y  

was s e l e c t e d .  T h i s  material is c a p a b l e  of  w i t h s t a n d i n g  t empera tu res  

up t o  950°C and w a s ,  t h e r e f o r e ,  s u i t a b l e  f o r  t h i s  a p p l i c a t i o n .  

some d i f f i c u l t y  i n  s e c u r i n g  E l g i l o y  i n  t h e  p rope r  s t a t e  t o  allow 

fo rming ,  two s p i d e r  s p r i n g s  were  f a b r i c a t e d  and  h e a t - t r e a t e d .  The 

two s p r i n g s  were then  i n c o r p o r a t e d  i n  heade r  subassembl i e s  and per- 

formed s a t i s f a c t o r i l y  a f t e r  bake-out .  E l g i l o y  s p r i n g s  were used i n  

a l l  i o n i z a t i o n  chambers d e l i v e r e d  t o  JPL. 

A f t e r  
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Pre-Mixed Frozen Sol  ithane 

Pre-mixed f r o z e n  6 0 l i t t i a n e  w a s  used t o  conformal  coat t h e  

p r i n t e d  c i r c u i t  b o a r d s .  However, JPL informed EOS t h a t  s e v e r a l  con-  

t a m i n a t e d  samples of  t h e  pre-mixed s o l i t h a n e  were found.  T h e r e f o r e ,  

EOS d i s c o n t i n u e d  i t s  use and mixed the s o l i t h a n e  i n  t h e  l a b o r a t o r y  

b e f o r e  c o a t i n g  t h e  c i r c u i t  boa rds .  

Ge i g e r  -Mue 11 e r  Sh i e  Id  

One Geiger -Muel le r  t u b e  s h i e l d  (F ig .  3-3) was s e p a r a t e d  

from i t s  end c a p  d u r i n g  envi ronmenta l  t e m p e r a t u r e  t e s t i n g .  To  p r e -  

v e n t  f u t u r e  o c c u r r e n c e s  o f  t h i s  problem t h e  RTV i n s u l a t o r s  were 

s h o r t e n e d  t o  reduce  i n t e r n a l  p r e s s u r e  on t h e  cap a f t e r  assembly .  

The problem d i d  n o t  re-occur a f t e r  t h i s  change was made. 

P r  i n  t ed C i r c u  i t Board 

Some d i f f i c u l t y  was e x p e r i e n c e d  w i t h  c r a z i n g  a round t h e  

t e r m i n a l s  of p r i n t e d  c i r c u i t  b o a r d s .  S i n c e  t h e r e  were no ex i r t ing  

c r i t e r i a  f o r  d e t e r m i n i n g  a c c e p t a b i l i t y  of t h e  b o a r d s ,  the  following 

s t a n d a r d  w a s  u sed :  t h e  board  w a s  r e j e c t e d  when c r a z i n g  exceeded twict 

t h e  t e r m i n a l  d i a m e t e r  on a d j a c e n t  t e r m i n a l s  n o t  c o n n e c t e d  by p r i n t e d  

c i r c u i t r y  . 
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5 .  CONCLUSIONS 

Three  p r o t o t y p e  and  t h r e e  f l i g h t  i on  chamber-Geiger t ube  i n -  

s t r u m e n t s  were f a b r i c a t e d  t o  JPL s p e c i f i c a t i o n s .  There  i n s t r u m e n t s  

r a t i s f i e d  a l l  workmanship,  performance,  and env i ronmen ta l  r e q u i r e -  

menta .  F l i g h t  i n s t r u m e n t s  were s u b j e c t e d  t o  v i b r a t i o n  and rhock  

t e r t s  a t  JPL. 
achievement  of t h e  g o a l  f o r  f a b r i c a t i n g  a n  i n s t r u m e n t  that w i l l  con-  

t i n u o u s l y  o p e r a t e  f o r  400 days i n  a s p a c e  environment  c o u l d  n o t  b e  

v e r i f i e d .  F u r t h e r  t e s t i n g  is  n e c e s s a r y  t o  de t e rmine  l i f e  expec tancy .  

S i n c e  l i f e  t e r t s  were n o t  p a r t  of t h i s  program, 

Des ign  achievements  i n c l u d e  r ep lacemen t  of t h e  p r e v i o u s l y  used 

heade r  p in8  w i t h  Bendix Cerameterm p i n s ,  r e d e s i g n  of t h e  c o l l e c t o r  

mounting cup and  s p i d e r ,  and  m o d i f i c a t i o n  of  t h e  heade r  b a s e  t o  ac- 

conmodate a removable chamber f i l l e r  t ube .  The method of mounting 

t h e  i o n  chamber t o  t h e  e l e c t r o n i c s  c h a s s i s  war mod i f i ed  t o  i s o l a t e  

t h e  heade r  p r e s s u r e  seal  from stresses due t o  v i b r a t i o n .  Thus,  t h e  

p r o b a b i l i t y  o f  Argon l eakage  from w i t h i n  t h e  s p h e r e  war reduced .  

Although no major  d e s i g n  o r  f a b r i c a t i o n  problem arore d u r i n g  

t h e  program, r e v e r a l  minor problems were r e s o l v e d  by t h e  s t a f f  a t  

EOS. Thes'e problems inc luded  heade r  p i n  l eakage ,  s p h e r e  weld j o i n t  

l e a k a g e ,  c i r c u i t  board t e r m i n a l  c r a z i n g ,  and s p i d e r  s p r i n g  t e n s i o n  

f a i l u r e .  These problems were  s o l v e d  w i t h o u t  g r e a t  d i f f i c u l t i e s  and 

d i d  n o t  s i g n i f i c a n t l y  i n c r e a s e  t h e  c o s t  of t h e  program. 

S e v e r a l  component d e s i g n  improvements f o r  i n c r e a s i n g  t h e  i n s t r u -  

m e n t ' s  r e l i a b i l i t y  and r educ ing  i t s  cost  were developed  d u r i n g  t h i s  

program. These improvements a re  b r i e f l y  d i s c u s s e d  b e l m  and a r e  

recommended f o r  i n c o r p o r a t i o n  i n t o  a l l  f u t u r e  i o n i z a t i o n  chamber- 

Geiger  t ube  i n s t r u m e n t s .  ( A l l  recommendations r e f e r  t o  t h e  i o n i z a -  

t i o n  chamber subassembly . )  
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Header P i n r  

New methods f o r  a t t a c h i n g  Cerameterm p i n r  t o  t h e  h u d e r  b a r e  o f  

t h e  chamber shou ld  be  i n v e s t i g a t e d .  The c u r r e n t  method i n v o l v e r  

b r a z i n g  t h e  p i n s  t o  t h e  header  \ i n d i v i d u a l l y .  T h i s  p r o c e s s  is  t ime 

consuming ( s e v e r a l  hour s  p e r  h e a d e r ) ,  r e s u l t s  i n  non-uniform s o l d e r  

j o i n t s ,  and r e q u i r e s  c a r e f u l  c l e a n i n g  of  t h e  subassembly a f t e r  b r a z -  

i n g .  An oven b r a z i n g  p r o c e r e ,  u e i n g  p i n s  w i t h  pre-formed o o l d e r ,  

w i l l  el iminate t h e s e  d i s a d v a n t a g e s  and w i l l  r educe  t h e  p r o b a b i l i t y  

of d e v e l o p i n g  heade r  l e a b .  

a d d i t i o n a l  development  i r  r e q u i r e d  t o  e v a l u a t e  and  p e r f e c t  t h i s  

method. 

S i n c e  oven b r a z i n g  h a s  n o t  been  t e s t e d ,  

The header  c o n t a i n s  two s p a r e  Cerameterm p i n s .  These p i n s  p e r -  

form no u s e f u l  f u n c t i o n  and reduce  i o n  chamber r e l i a b i l i t y  because  

they  i n c r e a e e  t h e  number o f  p o t e n t i a l  l e a k  source8  f o r  t h e  g a s  i n  

t h e  s p h e r e .  Lover c o s t  is a n  a d d i t i o n a l  advan tage  of  e l i m i n a t i n g  

t h e e e  p i n r ,  s i n c e  fewer Cerameterm p i n s  would be  b r a z e d  t o  t h e  header. 

S h i e l d i n g  Can 

F u t u r e  i o n  chamber s h i e l d i n g  c a n s  shou ld  be  made w i t h  s t a i n l e s s  

s t e e l  i n s t e a d  of  coppe r .  I f  s t a i n l e s s  s tee l  is used ,  t h e  s h i e l d  c a n  

be hand-formed i n s t e a d  o f  e l e c t r o f o r m e d ,  and t h e  c o s t  o f  f a b r i c a t i n g  

t h i s  component w i l l  b e  reduced by $75 per u n i t .  

S p i d e r  

The r p i d e r  is  made o f  b e r y l l i u m  copper .  T h i s  material s o f t e n s ,  

changes  s h a p e ,  and  l o s e s  some of i t s  e l a s t i c i t y  a t  t h e  chamber bake-  

o u t  t e m p e r a t u r e  (30OOC). This  change  i n  t h e  b e r y l l i u m  copper  s t ruc-  

t u r e  r educes  t h e  t e n s i o n  f o r c e  on t h e  c o l l e c t o r  cup and c a n  r e s u l t  

i n  a l o o s e  c o l l e c t o r  rod .  Although no cups  and r o d s  became looee  

d u r i n g  t h i s  program ( s e e  S e c t i o n  4 . 8 ) ,  f u t u r e  u n i t s  may be  c r i t i c a l l y  

a f f e c t e d  s i n c e  a loose  rod  would b r e a k  d u r i n g  v i b r a t i o n  t e s t i n g .  To 

a v o i d  t h i s  p o s s i b i l i t y ,  t h e  s p i d e r  s h o u l d  b e  f a b r i c a t e d  o u t  of  e t a i n -  

lers s t e e l  t o  r e t a i n  i t s  e l a r t i c  p r o p e r t i e s  when r u b j e c t e d  t o  tempera- 

t u r e s  i n  excess of  30OoC. 
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The s p i d e r  c o n t a i n s  two h o l e s  t h a t  s e r v e  no f u n c t i o n .  El imina-  

t i o n  of t h e  h o l e s  w i l l  reduce t h e  c o s t  of f a b r i c a t i n g  t h i s  p a r t  and 

w i l l  i n c r e a s e  its s t r e n g t h .  

I n t e r c h a n g e a b l e  C o l l e c t o r  and Header 

O c c a s i o n a l l y  an electrometer subassembly must b e  d i s c a r d e d  when 

a header  l e a k s  o r  a c o l l e c t o r  r o d  is  damaged d u r i n g  h a n d l i n g .  A p o r -  

t i o n  of t h i s  subassembly c a n  b e  s a 1 v a g e d r h . a  t h e  h e a d e r  and c o l l e c t o r  

c a n  be i n t e r c h a n g e d  w i t h  o t h e r  c o l l e c t o r s  and  h e a d e r s .  Component 

i n t e r c h a n g e a b i l i t y  c a n  be o b t a i n e d  by m a n u f a c t u r i n g  t h e  s p i d e r  t o  

c loser  t o l e r a n c e s .  Although clooer t o l e r a n c e s  will i n c r e a s e  t h e  

c o s t  o f  t h e  i n d i v i d u a l  components,  t h e  o v e r a l l  cost  w i l l  b e  lover 

because  fewer electrometer ,~ubar#.abli~r w i l l  b e  r e j e c t e d .  
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